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(54) Hydrosilation method using unsaturated accelerators 

(57) A hydrosilation process is disclosed where a 
silicon hydride is reacted with an unsaturated reactant 
in the presence of a platinum catalyst and an accelera- 
tor selected from 1 .7-octadiyne. I.S-hexadiyne, 
cyclooctadiene, 5-vinyl-2-nortx)rnene. 4-vinyl-1 - 
cyclohexene, 2,5-bis(t-butyiperoxy)-2,5-dimethy!hex- 
:'a!ii,;W^^ cis-4.7-dihydro-1.3<li0K- 
epih, maleic anhydride and dimethyldiallylmalonate. 
The accelerators are especially useful for facilitating the 
hydi'osilation of unsaturated reactants where the 
unsaturation is in the internal portion of the reactant's 
structure, for example, as in cyclopentene and 
cyclohexene. 
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Description 

This invention provides a hydrosilation process where a silicon hydride is reacted with an unsaturated reactant in 
the presence of a platinum catalyst and an accelerator selected from 1 .7-octadiyne, 1 .5-hexadiyne, cyclooctadiene. 5- 
5 vinyl-2-norbornene, 4-vinyl-1-cyclohexene, 2,5-bis(t-butylperoxy)-2,5-dimethylhexane, furan, 4H-pyran-4-one, cis-4,7- 
dihydro-1,3-dioxepin. maleic anhydride and dimethykJiallylmalonate. The accelerators are especially useful for the 
hydrosilation of unsaturated reactants where the unsaturation is in the internal portion of the reactanfs structure. 

It is known in the art to produce organosiiicon compounds by reacting a silicon hydride containing compound with 
an unsaturated organic compound in the presence of a catalyst This reaction is commonly referred to as hydrosilation 
10 or hydrosilylation. Typically, the catalyst is platinum metal on a support, a platinum conpound in a solvent or a platinum 
complex. 

A major problem known in the art with platinum hydrosilation reactions is catalyst de>activation prior to reaction 
completion. One method for reactivation of the catalyst is to expose the reaction mixture to oxygen. For example, U.S. 
Patent 4,578,497, teaches the use of an oxygenated platinum containing catalyst for use in hydrosilating alkylsilanes. 

75 U.S. 5.359, 111, discloses a method for controlling hydrosilation reaction mixtures by controlling the solution concentra- 
tion of oxygen in the reaction mixture, relative to the platinum present. 

In addition to the problem of de-activation of the platinum catalyst, hydrosilation processes taught in the art are not 
particularly effective in hydrosilating internal unsaturated bonds in organic molecules. We have discovered that 1.7- 
octadiyne, 1 ,5-hexadiyne, cyclooctadiene. 5-vinyt-2-nortx>rnene, 4-vinyi-1-cyclohexene, 2,5-bis(t-butylperoxy)-2,5- 

20 dimethylhexane, furan, 4H-pyran-4-one, cis-4.7<iihydro-1,3-dioxepin. maleic anhydride and dimettiyldiallylmalonate, 
act as accelerators for platinum catalyzed hydrosilation processes. These accelerators improve process yield in the 
presence or absence of oxygen and are particularly effective for enhancing platinum catalyzed hydrosilation of internal 
unsaturated bonds of organic molecules. A hydrosilation process has now been discovered by us where a silicon 
hydride is reacted with an unsaturated reactant in the presence of a platinum catalyst and an accelerator sheeted from 

25 1 ,7-ocladiyne, 1 ,5-hexadiyne, cyclooctadiene. 5-vinyi-2-norbornene, 4-vinyl-1-cyclohexene, 2,5-bis(t-butylperoxy)-2.5- 
dimethylhexane, furan, 4H-pyran-4-one, cis-4,7-dihiydro-1,3-dioxepin. maleic anhydride and dimethyldiallylmaionate. 
These accelerators are especially useful for the hydrosilation of unsaturated reactants where the unsaturation is in the 
internal portion of the compound's structure, for example, as in cyclopentene and cyclohexene. The accelerators are 
effective in the absence of oxygen activation of the platinum catalyst and are synergetic with oxygen activation of plati- 

30 num catalyst. 

Our hydrosilation process comprises contacting 

(A) a silicon hydride described by formula R\H5SiX4,a.b where each R"" is independently selected from alkyls com- 
prising one to 20 carbon atoms, cycloalkyls conprising four to 12 carbon atoms and aryls; each X is an independ- 

35 ehtly selected halogen atom; a"*= O to a^rb = 1 tb3 and a + b = 1 to 4 ; and ':r.r>^>:^^'-i^-^ 

(B) an unsaturated reactant selected from . 

CO substituted or unsubstituted unsaturated organic conpounds, 

(ii) silicon compounds comprising substituted or unsubstituted unsaturated organic substituents, and 
40 (iii) mixtures of (i) and (il); 

in the presence of a platinum catalyst selected from platinum compounds and complexes and an accelerator 
selected from 1, 7-octadiyne, 1 ,5-hexadiyne. cyclooctadiene, 5-vinyl-2-nortx>rnene. 4-vinyl-1 -cyclohexene, 2,5- 
bis(t-butylperoxy}-2.5-dimethylhexane, furan, 4H-pyran-4-one, cis-4.7-dihydro-1,3-dioxepin, maleic anhydride and 
45 dimethyidiallyimalonate. 

The contacting of the silicon hydride with the unsaturated reactant is effected in standard type reactors for conduct- 
ing hydrosilation processes. The contact and reaction is run as a continuous, semi-continuous or batch process. 
Silicon hydrides which are useful in our process are described by formula R^aHbSiX4.a.|:^, where each R** is inde- 
so pendently selected from alkyls comprising one to 20 carbon atoms, cycloalkyls conprising four to 1 2 cartx)n atoms and 
aryls; a:=0to3, b = 1to3 and a + b = 1 to 4 . rMs a substituted or unsubstituted alkyi, cydoalkyl or aryl as described. 
It is prefenred that each R** be independently selected from alkyls conprising one to six cart>on atoms. Even more pre- 
ferred is when each R^ is methyl. 

In the formula describing the silicon halide each X is independently selected halogen atoms and preferably X is a 
55 chlorine atom. 

Examples of silicon hydrides which are useful in the present process include trimethylsilane. dimethylsilane. tri- 
ethylsilane, dichlorosilane, trichlorosilane, methytdichlorositane, dimethylchlorositane, ethyldichlorosilane, cydopentyl- 
dichlorosilane, methylphenylchlorosilane and (3.3,3-trifluoropropyl)dichlorosiIane. A preferred silicon hydride is 
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selected from methyldichiorosilane and dichlorosilane. 

The silicon hydride is contacted with an unsaturated reactant selects from (i) substituted and unsubstituted 
unsaturated organic compounds, (ii) silicon compounds containing substituted and unsubstituted unsaturated organic 
substituents and (iii) mixtures of (i) and (ii). "Unsaturated" means a compound contains at least one carbon-carbon dou- 
5 ble bond. 

More specific examples of the unsaturated reactants useful in the process include unsut>stituted cycloalkene com- 
pounds comprising at least 4 cartx)n atoms, substituted cycloalkene compounds comprising at least 4 carbon atoms, 
linear alkene compounds comprising 2 to 30 cartx)n atoms, branched alkene compounds comprising 4 to 30 cartx>n 
atoms and mixtures thereof. 

10 The substituted and unsut)stftuted cycloalkene compounds useful in our process are those containing one or more 
unsaturated cartx)n-cartx)n bonds in the ring. The unsubstituted cycloalkene compounds are . for example, 
cyclobutene. cydopentene, cyclohexene. cydoheptene, cyciooctene. cydopentadiene, 1 ,3-cydohexadiene and 1,3,5- 
cycloheptatriene. Substituted unsaturated compounds useful in the present invention are, for example, 3-methylcy- 
clopentene, 3-chlorocydobutene, 4-phenylcyclohexene and 3-methyicyclopentadiene. The preferred cycloalkene com- 

75 pounds are cyclohexene and cydopentene. with cydohexene the most preferred. 

Other unsaturated organic compounds useful in the process are linear and branched alkene conpounds induding 
compounds with terminal unsaturation such as 1-hexene and 1,5-hexadiene. compounds with internal unsaturation 
such as trans-2-hexene and unsaturated aryl containing compounds such as styrene and alpha-methylstyrene. 

The unsaturated reactants may also contain halogen atoms, oxygen in the form of acids, anhydrides, alcohols. 

20 esters, ethers and nitrogen. Two or more of the above desaibed unsaturated organic conpounds are used in the 
present process. 

The unsaturated organic compounds containing halogen atoms include vinyl chloride, allyl chloride, allyl bromide. 

allyl iodide, allyl bromide, methallyl chloride, trichloroethylene. tetrachloroethylene. tetrafluoroethylene. chloroprene. 

vinylidene chloride and dichlorostyrene. 
25 Suitat)le unsaturated organic compounds conprising oxygen aton^ indude ethers such as ally! and vinyl ethers: 

alcohols such as allyl alcohol (vinyl carbind), methylvinylcaibind and ethynyldimethyl-carbind; acids such as acrylic, 

methacryiic, vinylacetic. oleic, sorbic, linolenic and esters such as vinyl acetate, allyl acetate, butenyl acetate, allyl stea- 

rate, methylacrylate, ethylcrotonate. dialiyi sucdnate and diallyl phthalate. Suitat)le nitrogen containing unsaturated 

organic compounds include; indigo, indole, acrylonitrlle and ally! cyanide. 
30 Specifically induded within the definition of unsaturated organic compounds are those substituted by organofunc- 

tional moieties such as; CH2=CHCH20C(0)C(CH3)=CH2, CH2=CHCH2NHCH2CH2NH2. CH2=CHCH2NH2, 

CHa^CHCHgSH. CH2=CHSi{0(CH2)20CH3}3. 



35 




40 

CH2=CHCH2N(HCI)HCH2CH2NHCH2(C6H4)CH=CH2 and similar compounds. 

The unsaturated organic compound is a silicon compound containing sut)stituted and unsubstituted organic sub- 
stituents as desaibed by. for example, formulas (CH2=CH(CH2)g)hR^Si(OR^)4.h.i and (CH2=CH(CH2)g)hR^SiCl4.h.i. 
where is as previously described, g = 0 to 12. h - 1 to 3. i = 0 to 3 and h + i = 1 to 4 . 

45 Prior to contact of the silicon hydride with the unsaturated reactant. it is preferable to treat or purify the unsaturated 
reactant. Methods useful for treating or purifying the unsaturated reactants are those known in the art for treating or 
purifying unsaturated organic compounds and include but are not limited to distillation and treatment with an adsorbent 
such as activated alumina or molecular sieves. 

The relative amounts of silicon hydride and unsaturated reactant used in the present process are varied within wide 

50 limits. Although one unsaturated carbon-cart>on linkage per silicon bonded hydrogen atom is stoichiometric, there is no 
requirement that the process be conducted under stoichiometric conditions. Generally, it is preferred that the process 
is conducted with a stoichiometric excess of silicon hydride. Preferred is when the process is run with 0.1 to 10 percent 
stoichiometric excess of silicon hydride. 

The silicon hydride and unsaturated reactant are contacted in the presence of a catalyst selected from platinum 

55 compounds and platinum complexes. Any platinum containing material which effects the reaction between the silicon 
hydride and an unsaturated cart)on-carbon bond of the unsaturated organic connpound is useful in our invention. Exam- 
ples of platinum catalysts useful in our process are described in U.S. Patents 4.578.497. 3,220,972, 2.823.218 and 
3,419.593. 
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Acceptable platinum catalysts are chloroplatinic add. cMoroplatinic acid hexahydrate. Karstedts catalyst (i.e. a 
complex of chloroplatinic acid with sym-divinyltetramethyldisiloxane). dichlorobis(triphenylphosphine)-platinum(ll). ds- 
dichlorobis(acetonitrile)-platinum(ll). dicartx)nyldichloroplatinum(l!). platinum chloride, platinum oxide and platinum 
vinylsiloxane complexes such as a neutrafized complex of platinum dichloride with sym-diviny»tetramethyldisiloxana 

A preferred platinum catalyst is selected from chloroplatinic acid, chloroplatinic add hexahydrate and platinum 
vinylsiloxane complexes such as a neutralized complex of chloroplatinic acid or platinum dichloride with sym-divinylte- 
ttamethyldislloxane. An example of a platinum catalyst is described in U.S. Patent 5.1 75.325. 

Catalyst concentrations providing one mole equivalent of platinum per billion mole equivalent of unsaturated car- 
bon-caibon bonds added to the process by the unsaturated reactant are useful in our process. Catalyst concentrations 
providing as high as one mole equivalent of platinum per one thousand nrwie equivalents of unsaturated carbon-cart»n 
bonds added to the process by the unsaturated reactant are useful also. Higher concentrations of platinum will also 
wo* in our invention. A preferred concentration of platinum catalyst is 1 to 1000 mole equivalents of platinum per 1 X 
1 0^ mole equivalents of unsaturated carbon-carbon bonds provided to the process by the unsaturated reactant 

The catalyst is dissolved in a solvent for ease of handling. Suitable solvents are non-polar hydrocaibon solvents 
such as benzene, toluene and xylene and polar solvents such as alcohols, glycols and esters. 

The process is carried out in the presence of accelerators selected from 1 .7-octadiyne. 1 .5-hexadiyne. cydoocta- 
diene 5-vinyl-2-noit}omene. 4-vinyl-1 -cydohexene. 2.5-bis(t-butylperoxy)-2.5-dimethylhexane. furan. 4H-pyran-4-one. 
cis-4.7-dihydro-1 .3-dioxepin. maleic anhydride and dimethyldiayyimalonate. The above listed accelerators are commer- 
cially avdilabls. 

An eHective concentration of the selected accelerator is added to the present process, where an effective concen- 
tration is one that initiates the reaction between the silicon hydride and the unsaturated organic compound, accelerates 
the rate of the reaction or reduces loss of reactivity of the catalyst in tiie process. A useful effective concentration of the 
accelerator is 0.01 to 20 wt % of the weight of tiie unsaturated reactant Prefen-ed is when the accelerator is 0.1 to 10 
wt % of the weight of the unsaturated reactant , ^ u. , 

The presence of oxygen in our process enhances reaction parameters such as the reaction rate and selectivity of 
addition when the solution concenfration of oxygen is conti-ofled relative to platinum catalyst in the reaction mixture. 
Oxygen is normally added to the reaction mixture by bubbling it into one of the reactants or by bubbling it into the reac- 
tion mixture. Feeding the oxygen into ttie vapor space of the reactor or by purging the reactor system with oxygen is 
possible also, but often is not as effective due to mass transfer considerations. 

The effective amount of oxygen added to our process depends on such factors as operating conditions, the reac- 
tants and the amount of catalyst present It is preferred to introduce the oxygen into the process combined with an inert 
gas at an oxygen level of parts per million to 20 wt %. based on the combined weights of the oxygen and inert gas. More 
preferred is when tiie oxygen is diluted in an inert gas to 0. 1 to 40 wt %. The inert gas is usually nitrogen or argon. Typ- 
ically, tiie preferred amount of oxygen to be added to tiie process is determined b^monitoring tiie rate of reaction and 
by-product'fbrmation. A suitable procedure for adding oxygeri to" oufliydrceilatibh'maiibd is desaibed in U.S. Patent- 
5.359.1 11. 

The following examples are provided to illush-ate our invention. 
Example 1 

A sto* mixture was prepared in an argon purged and blanketed botUe. The stock mixture comprised 7% molar 
excess of methyldichlorosilane in cydohexene wWch had been treated witii 1 3X molecular sieves. A catalyst containing 
6 X 10-5 moles of platinum, as a complex prepared by the reaction of PtClg wrth sym-divinyltetramettTyWisiloxane. per 
mole of cydohexene was added to tiie stock mixture. A 2 ml alquot of ttiis catalyzed stock solution was transferred to 
argon-purged glass tubes and the accelerators listed in Table 1 were added to individual tubes at a concentration of 0.4 
vol %. The tubes were cooled, heat sealed under an argon purge and heated at 80»C. for three hours. After tlvee hours, 
the tubes were cooled and contents analyzed by gas chromatography using a ttiermal conductivity detector (GC-TC). 
Results are reported in Table 1 as tiie Normalized Area %of cydohexylmettiyldi-chlorosilane (CeHnMeSiClg) under ttie 
GC-TC trace minus ttie area % of cydohexene as 100%. 



TABLE 1 



Accelerator 


CeHiiMeSiCIa Normal- 
ized Area % 


None 

Cycloctadiene 


60.8 
91.2 
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TABLE 1 (continued) 





Acx^elerator 


C6HiiMeSiCi2 Normal- 
ized Area % 


5 


MeViSi(MB0)2 


99.1 




None 


61.7 




1 .5-Hexadiyne 


77.8 




Furan 


92.0 


10 


2-Methyl-1 -hexen-3-yne 


86.4 




4H-PYran-4-one 


95.5 




None 


52.5 


75 


1.7-Octadiyne 


96.5 




Dimethyldiallylmalonate 


70.1 




None 


66.3 




cis-4,7-Dihydro-1 ,3-dioxepin 


79.4 


20 


None 


41.2 




5-Vinyl-2-norix)rnene 


93.7 




4-Vinyl*1 -cyclohexene 


80.8 


25 


Maleic anhydride 


. .90,4..-. - 



Example 2 

30 A stock mixture was prepared in an argon purged and blanketed bottle. The stock mixture comprised seven molar 
percent excess of methyldichlorosilane in cyclohexene which had been treated with 13X molecular sieves. A catalyst 
.. . containing 6.9 X 10"^ moles of a platinum complex which is the neutralized reaction product off chloroplatinic acid and 
sym-divinyltetramethyldisilQxane. per mole of cyclohexene was added to the stock mixture. A 2 ml aliquot of this cata- 
lyzed stock solution was transferred to a argon-purged glass tube and the accelerator 2,5-bis(t-butylper©cy)2,5-dimeth- 
- yih^ane was added to the tube at a concentration of 1 voluitie percent: The tobe^vias cboledf' K under an - 

argon purge and heated at SO^'C. for three hours. At the end of three hours the tube was cooled and the contents ana- 
? lyzed by gas chromatography using a thermal conductivity detector (GC^TC). The results of this analysis in Area % are - 

7.0 cyclohexene. 4.1 methyldichlorosilane and 82.2 cydohexylmethyldichiorosilane under the GC-TC trace. 

40 Claims 

1 . A hydrosilation process comprising contacting 

(A) a silicon hydride desaibed by formula aWbSiX4.a.b. where each is independently selected from alkyls 
45 comprising 1 to 20 cartx)n atoms, cycloalkyls conrprising 1 to 12 carbon atoms and aryls; each X is an inde- 
pendently selected halogen atom; a = 0 to 3. b = 1 to 3 and a + b = 1 to 4 ; and 

(B) an unsaturated reactant selected from 

(i) substituted and unsubstituted unsaturated organic compounds, 
so (ii) silicon compounds containing substituted or unsubstituted unsaturated organic substituents, and 

(iii) mixtures of (0 and (iOi 

in the presence of a platinum catalyst selected from platinum compounds and complexes and an accelerator 
selected from 1.7-octadiyne. 1 ,5-h©cadiyne, 5-vinyl-2-noit)ornene, 2.5-bis(t-butyIperoxy)-2.5-dimethylhexane, 
55 furan. 4H-pyran-4-one, maleic anhydride, cis-4,7-dihydro-1 .3<lioxepin and dimethyldiallylmalonate. 

2. A process accoixling to claim 1 , where the silicon hydride is selected from trimethylsilane, dimethylsilane. triethyl- 
silane. dichlorosilane, trichlorosilane, methyldichlorosilane, dimethylchlorosilane. ethyldichlorosilane, cydopentyl- 
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dichlorosilane, methylphenylchlorosilane and (3.3,3-trifluoropropyO-dichlorosilane. 

A process according to claim 1. where the unsaturated reactant is selected from unsubstituted cycloaikene com- 
pounds comprising at least 4 cartx>n atoms, substituted cycloaikene compounds conprtsing at least 4 cartx)n 
aton«. linear alkene compounds comprising 2 to 30 cartx)n alon^. branched aikene compounds comprising 4 to 
30 caftx)n atoms and nruxtures thereof. 

A process according to claim 1 , where the platinum catalyst is selected from chloroplatinic acid, chloroplatinic acid 
hexahydrate and platinum vinylsiloxane conplexes. 

A process according to claim 1. where the concentration of the accelerator is 0.01 to 20 wt % of the weight of the 
unsaturated reactant. 
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(54) Hydrosllation method using unsaturated accelerators 

(57) A hydrosilation process is disclosed where a 
silicon hydride is reacted with an unsaturated reac- 
tant in the presence of a platinum catalyst and an 
accei.erator selected frpm v1,7-0Qtadiyne, 1.5-hexadi- 
yne. cyclooctadierie, 5-vihyl-2-nortx)rnehe. 4-vinyl-1- 
.cyclohexene, . . 2,5-bis(t-butylpergocy)T2,5-dimethy|hex- 
ane. furan. 4H-pyran-4-ohe, cis-4,7-dihydro-1,3-diox- 
epin. maleic anhydride and dimethyldialiylmaionate. 
The accelerators are especially useful for facilitating the 
hydrosilation of unsaturated reactants where the 
unsaturation is in the internal portion of the reactant's 
structure, for example, as in cyclopentene and 
cyclohexene. 
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